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NATIONAL ADVISORY COMKCITIX IN3RUZIONAUTICS

RXSEARCH MEMORANDUM

l!!l?E&I?IJGIZl?lIfWSTtGA~ON Nl? TRANSONICAND SUPERSONIC

SPIZIDSOl?THEROILING l!Tl?KWWENXSSOF A PART-PAN

JIIIJ!XONONAN ~Y ‘T~ERED SWIWI%ACKWING

By H. Kurt Stress, E. M. Fields, and X. D. Sohult

SUMMARY

An investigation,ofthe rolling effectiveness at transoni.cemd
supersonic speeds of en inversely tapered sweptback wing having a
M%peroent+hick cmibered airfoil section and outboard partial+pan
controls has been made by means of rocket~ropelled test vehicles. The
variation of rolling effectiveness with Mach number was smooth with the
exception of a smell d+scontinuity which occurred at a Mach number”of
0.95 for ‘themodels with the controls deflected 5° or +0. The control
effectiveness decreased by approximately 60 percent over-the range from

.—

Mach number 0.8 to 1.6. Positive and negative aileron deflect-ionswere
equally effective in producing roll throughout the entire speed rmge.
The mgle of attack for zero lift of the cambered airfoil was indicated
to decrease smoothly from a negative value of approximately 1° at sub-
sonic.speeds to approximately 0° at a Mach number of 1.6.

=ODIETION

A wi~ileron configuration having inverse taper (h = 1.63),
aspect ratio of.s.1, ~“ sweepback of the 5Gpercent free+tresm chord
line, and employing a X)-percent-thick low+rag-type airfoil normal to

-.

the S@percent free+tresm chord line was tested as a part of’the wing-
aileron rolling-effectiveness progrsm now being conducted by the
~eY pilotless Aircr* Resemch Division utilizing rocket-propelled
test vehicles in free flight. The true-contour fla@qpeailerons were
hinged at the 73.O&percent fre~tream chord line and extended.over

..

3807 percent of the semispan and simulated sealed controls in that there
was :0 gap at the hinge line. The investigation was made by mesns of
the free-flight technique described in references 1 and 2 and data were
obtained”over the Mach number ramge from approximately 0.7 to 1.70 at
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ntiers rrti 2.5 x 106 to 8.5 x 106. Six models were tested: .

2

Reynolds
tWO with
with +0

5° aileron deflection two with 0° aileron
. .

aileron deflecticm.
deflection, and two

—

—

Sm’mors —

aspect ratio (b2/Sl)A

b

—

when body is rotateddismeter of circle swept.by win@ips,
about its longitudinal axis, feet

c chord of wing paraUel to free “stream,feet

exp~sed wing area S

—.-—

total-drag coefficient, based on:tot~C?c
.-. .<free-stream Mach numberM

m concentrated couple, applied neti wing
to wing-chord plane, inch~o~ds

tip.in plane normal—

-. .
model rate of roll, radians per secondP

,..pb/2V wing+tip helix angle, radians : ● �

�

pb/2V due to wing.incidence, radians.

, radianspb/2V due to aileron deflection alonej

R Reynolds number .. —

total exposed wing area (three wing panels), square feets

area of two wing panels tgken to the center line, square
feet -

.-
wing angle of attack for zero lift, measured from chord

line, degrees . .—

‘1

—
.-

a.

8 angle of wing twist produced by m at any section ~ong
wing span normal to wing-ohord.plane, radians -. .

—

—
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. .9/m wing torsiond.-stiffness parameter, radians per inch-
pound

L ratio of chord of wing at tip to chord of wing at model
center line obtained by extending leading and trailing
edges to model center line

%’ incidence of wing measured in free+tream direction,
average for’three wings, degrees

Eia deflection of’each aileron measured in free+stresm direc–
tion, average for three wings, degrees

TEST VZHCCXES AND TESTS

The geometrical characteristics of the test vehicles are given in .
table T. The general arrangement of the test vehicles is shown in the
photograph presented as f’igure1 and the sketch in figure 2. The
section airfoil ordinates of A+ and B4 in figure 2 are given in
table II.

The wings of the test models were stiffened by qesns of 0.02&inch
steel plates glued into the upper and lower surfaces. In addition, a

centrsl core of ~–inch aluminum aJJoy was used to provide additional

protection to the leading and trailing edges of the wings and to stiffen
the ailerons to prevent movement under the air loads encountered in
flight. The torsional characteristics of the test wings using this type
of construction are presented in figure 3. Based on unpublished data,
the test wings were sufficiently rigid to restrict the loss in control
effectiveness to approximately 10 percent of the rigid-wing value at a
maxhunuMach number of l.~0.

Because of the relatively small moment of inertia about the roll
axis, the measured values of pb/2V are substantially steady+state
values even though the test vehicles experienced an almost continuous
rolling acceleration or deceleration. The data presented heretn have
not been corrected for inertia effects. Except for abrupt changes

..

of pb/2V with Mach nunber, which usually occur in the region between
M= O.gO to 0.97, this correction is estimatedto be within 3 percent.

Due to the fact that the airfoil section used was c~ered, it was
necesssry to obtain data for the wlng+aileron configuration with the
control set at 0° in order to sepsrate the effect of camber from the
effect of the aileron. In addition, data were also obtained at a
negative aileron setting in order to determine whether the control

—
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effectiveness was independent of the directiop of aileron setting. The ●

wings were set into the body of the test vehicle in such a msmner that
the lift due to the csmber caused the models to rotate-in a clockwise
direction as seen from the rear. Positive ailercm deflection was
considered to be
due to camber.

in a direction that would tend to increase the rotation ..- _
.

CORRECTIONS —

Due to lhnitations in constructional accuracy, residting in am.all
deviations fram design Wlues, the data were corrected to a common
aileron setting and zero incidence to allow direct comparison between
models. The rolling-effectivenessparroter. :pb/2V was ass=d to
vexy linearly with aileron deflection. Errors in incidence were
corrected by assuming that a steady-state rolling condition existed
where the rolling moment caused %Y incidence Was eqti;t.o the -Pi%
moment. ~ addition, the lift+urve slope at any position along the
span due to incidence was assumed to be equal:to the lift-curve slope
due to damping and the resulting genera3 equation is Mifollows:

-

..
—

iv)pb 2iw 1 + 2L— ——

IW
= 57.3 ~+ 3A = ‘“0253iw .

-- -.

<=

The correction for incidence was assumed to be constemt throughout the
.

entire Mach number .rangeand has leen verified experimentally, except
for the region M 20.85 to M x1.O. (See reference3.) Listed in
table III are the measured values of incidence iw and aileron _..

deflection ba. The pb/2V curves presented.have been corrected

to iw = 0° -d ba = 5° by the method dust described. —

ACCURACY
—

Based upon previous experience the accuracy of the test
is estinmted to be @thin the following limits:

—

pb/2V (due to,limitations on model constructional accuracy).
pb/2V (due to limitations on instrumentation). . . . . . . .

C% 9”*””””*””:””””.””*’” ‘o””””””
M . . . ;. . . . . . . . . . . . . . . . . . . . . . . . .

results .—

M. 0025
: @.oo15, “ .:
. m. 002

3).01 A
.

.
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RESULTS

The Reynolds number remge for the tests is shown in figure 4. The
results of the present investigation are presented in figures 5 aud 6.
The total+ag coefficient CD and the rolling-effectiveness paren+

T
eter pb/2V for aileron deflections of 5°, ~“, and 0° are presented
in figure 5 as a function of Mach number. There was no measurable
change in totel-drag coefficient between the.models with 0° and a“
aileron deflection although a considerable increase in drag was evideti
for the positive aileron setting in the supersonic remge. The mria–
tion of Pb/2V l?ithMach number was mnooth with the exception of a
small discontinuity at M = 0.95 for
defleeted 5° or ~“.

The effectiveness of the aileron
figure 6, which gives the incremental
for the positive and negative aileron
setting. The data sre plotted in the

the models with the-controls

in producing roll is shown in
change in rolling effectiveness
deflection from the neutral
same direction to facilitate

comparison.” It canbe seen that the effectiveness was essentially
independent of direction of aileron deflection over the entire Mach
nuni%errange investigated with a gradual loss in effectiveness of
60 p~6ent being experienced in going from approximately M = 0.8 to
M=..

As mentioned previously, the rolling velocity obtained with the
controls neutral is an Indication of the effectiveness of the camber in
producing lift, or in the present case, rolling moment. From figure 5,
the variation of pb/2V with Mach nmiber for models 1 and 2 shows that
the effectiveness of the cemher decreased continuously with increasing
Mach nuniberuntil at a Mach number of 1.6, the effectiveness was zero.
The loss in effectiveness of caiber in producing roll cm le expressed
as a shift in the angle of zero lift of the wing by applying the
incidence correction factor given previously. This application has
been made and the results are shown in figure 6. The cemiberis seen to.
be equivalent to approximately 1° incidence at subsonic speeds decreasing
to approximately 0° at the highest supersonic speeds. The fact that the
angle of zero lift changes smoothly throughout the speed remge indicates
that an abrupt chsmge in the angle of trim due to this reason is unlikely
to occur.

CONCLUSIONS

The following conclusions may be drawn from em investigation of
the rolling effectiveness at transonic and supersonic speeds of an
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inversely tapered sweptback wing having a l~percent-thick csribered
airfoil section and.outlosrd partial.~pan controls:

1. The variation of rolling effectiveness with Mach number wa~
smooth with the exception of a ti discontinuity at a Mach number
of 0.95 for the test vehicles with positive and negative aileron
deflections of 5°. mere was a 6~ercent loss in effectiveness
between Mach rmmbers of 0.8 and 1.6.

2. Positive and negative aileron deflections of 5° were equally
effective in producing roll throughout the entire speed range.

3. The angle of attack for zero lift of the cambe?@l airfoil was _____
indicatedto decrease smoothly froma negative value of approximately
1° at subsonic speeds to approximately 0° at a Mach nuuiberof 1.6.

Lsm.gleyAeronautical Laboratory ‘
—

National Advisory Committee for Aeronautics
Lsq@.eyAir Force Base, Va.
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GEOMBI!RIC

Wing semispsm, ft . . ‘.
Total exposed w- area
Area of two wing panels

line, S1, sq ft . .

Aqect ratio, A . . . .
Taper ratio, L . . . .
Sweepbaok of ~ercent
Position of inboard end

TABLE I

cIIKR/lcmRIsTrcs

. . . . . . ● ☛

OF TEST ?EBXCIJZS

. ., .*... .
(3 ting P=els), S, w ft . . .
taken to model center
. . . . . . . . . . . . . . . .

. ..**.* . . . . . . . . .
. . . . . . . ..*.. .

&&&reaq chord, deg . . . .
of’aileron, percent semispan .

Position of outlmard end of aileron, percent semispsm .
Ratio ofaileron span towing span . . . . . . . . . .
Average moment of inertia about roll sxis, slu@t2 . .
Airf’oilprofile normal to 5CLpercent fre~tresm chord,

(Repullic Aviation Corp. desi~tion) . . . . . . .

Bodylengbh,in . . . . . . . . . . . . . . . . . . .
Bodydiameter, in...... . . . . . . . . . . . . .
Body contour . . . . . . . . . . . . . . . . . . . . .

● .0.

..s.

. . . .

. ..*

. . . .

. ..0

● 0..

● . . .

. . . .

● . . .

0.99
I.. 563

1.261 -.
a3.1

al. 63
.40

93:7
0.387
0.083

R~, 4&1710 X

. . . . 56

. . . . 5
See reference 1

aObtained by extending leading and trailing edges to model center line.

v

/. .
.. .-7
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TABLE 11
.

—

~INATES OF AIRFOIL SECTIONS IN FIGURE 2

rk3-distances measured ti inched
L

Section A+l

ordinate
Station

Upper surface Lower surfaoc

o 0 0
.046 .061 .050
.069 .074 .061
.115 .096 .o~
.229 .136 .109
.458 .191 .149
.687 .232 . lfi
.916 .265 .200

1.374 .315 .232
1.832 .352 .25k
2.290 9379 .269
2.749 ● 396 .278
3.207 .407 .282
3.665 .411. .282 ‘
4.123 .407 .276
4.581 .397 ;265
5.039 .380 .249
5.497 .356 .230
5.955 .327 .205
6.413 ●292 .177
6. 8~1 .252 .146
7.329 .208 .115
7.788 .161 ● 082
8.246 .111 .050
8.704 .058 .022
9.162 .007 .007

L.E. ra~us: 0.035
r.E. ??atiUH: 0.007

s
)

,

I
I

Section =

‘a’ion~
o

.033

.050

.084

.167

.335

.502

.669
1.003
1.338
1.672
2.007
2.341
2.676
3.010
3.345
3.679
4.014
4.348
4.682
5.017
5*351
5.686
6.020
6.355
6.689

0
.043
.052
.068
.097
.138
.169
.193
.230
.257
.277
.289
.297
.300
.298
.290
.278
.260
.239
.213 _
.184
.152
.117
..081
.042
● 007

,.E.radius: 0.025
I.E.radius: 0.007

0
.035
.043
.055
.078
. L08
.129
.145
.169
.186
.197
.203
.206
.206
.202
.194
● 182
.168
.149
.129
.107
.084
.060
.036
.016
.007

...—.---

L-

—-

.

.

-.

—. ..+

._

.“. “z

b.

—



TABLE IIX

~VALUE90F iw AND

Model

2

3

4

5

6

-t-

%7
(de&J) (%6)
o.o~ 0

.01
I

o

-.03 I 4.74

-.03 I -4.74

.01 I 5.04

.02 I 5.08

9

.

—
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Figure l.- Photograph of ty@cal test vehicle.
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I I /4 I-2539+ I

P/an form

A// d%ens~onsore A hches

.020 steei sz)Z%ner
covered LW%5
//32 veneer S-T3 aluminum

I I

Figure 2.- Sketch of test wing. Airfoil section ordinates of A-A and B-B.
are given in table II.
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0
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LXstzmcefrom fuselage, d> h.

Figure 3.- Average measured variation of torsioqal rigidity with distance
from fuselage.
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Figure 4.- V&riation of Reynolds number with Mach number, based on
am average exposed wing chord of O.al foot.
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.04
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.. .

:6 B Lo Lz L4 L6 L8
M 6* “

Model (deg] (t?g)

,/2 c ./ . 0 .0—
2 —.————- 0 Q
3 --- -5 0
4 —--— -5 0

.(X3 5 —-- —— 5 0
6 —— — 5 0

i /n)) . , f

.04 1-. ,

-N

e
\

*.
-==

o — — — — — — — “ L ~-
~ +

ywy
-.(74

.6 .8 /.0 /.2 A4. L6 /.8
M

Figure 5.- Variation of rolling effectivenessparsxaeter _pb/2V

and total-drag coefficient Cq with Mach nuder.
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‘& ’+5°@..ogf%wJ curnber)
I I I

/

o

-/

-2

Figure 6.- Variation of aileron rolll.inneffectiveness A(pb/2V)ba

and effective angle of attack for zero lift a. with Mach nuniber.
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